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[57] ABSTRACT 

Two semiconductor chips are coupled to outer leads by 
means of tape leads so that the chips are spaced apart from 
each other. A space between the chips is fiUed with a mold 
resin. 

7 Claims, 13 Drawing Sheets 
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SElVaCONDUCrOR DEVICE HAVING A 
PLURALITY OF CHIPS 

CROSS-REFERENCE TO RELATED , 
APPUCATION 

This application is a continuation-in-part of application 
No. 778,993, filed as PCT/JP91/00348, Mar. 14. 1991, now 
abandoned. 

10 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to semiconductor devices, 
and more particularly to high-mounting density semicon- 
ductor devices which utilize TAB (T^e Automated Bond- 
ing). 

2. Description of the Prior Art 

FIGS. lA and IB respectively show typical examples 20 
based on conventional mounting schemes. Referring to FIG. 
lA, a semiconductor chip 12 is die-bonded on a die stage 11 
of a lead jframe. and then bonding pads formed on a chip face 
of the semiconductor chip 12 and outer leads 14 of the lead 
frame are wire-bonded together by bonding wirings 13. The 25 
bonding is carried out by a thermocompression bonding 
procedure during which ends of the bonding wires which 
have been heated are placed on members which are to be • 
bonded. According to the above wire bonding procedure, it 
becomes possible to automatically connect the semiconduc- 30 
tor chip 12 and the lead frame 14. During the wire bonding 
procedure, the bonding pads are processed in series. 

FIG. IB shows a TAB-based moimting stracture. A plu- 
rality of parts which are to be bonded are prepared on the 
chip face of the semiconductor chip 12. Tape leads 17, each 35 
having a plurality of coiresponding leads, are arranged on 
the parts on the chip face. By using bumps 16. a thermo- 
compression bonding procedure is carried out so that the 
tape leads 17 are bonded to the parts via the bumps 16 at one 
time. After the bonding procedure on the semiconductor 
chip 12 and the tape leads 17 is carried out, a positioning 
procedure on the tape leads 17 and the outer leads 14 is 
carried out Hence, the tape leads 17 and the outer leads 14 
are bonded together in such a manner that plating layers of 
the tape leads 17 and the outer leads 14 form eutectic *5 
crystals. It is possible to provide the bumps 16 on the 
bonding pads of the semiconductor chip 12 or provide the 
bumps 16 on the end portions of the tape leads 17. 

By using the TAB procedure, it becomes possible to 
execute a bonding procedure on a plurality of bonding parts 
at one time. As compared with the bonding wires 13, it is 
easy to fine produce the tape leads 17. For these reasons, the 
TAB procedure can satisfy recent requirements of increase 
in the number of pins and increase in the integration density. 

A resin molded semiconductor device can be produced by 
sealing a bonded assembly with a molded resin. 

Hie feature scale of pattern is being reduced. However, 
there are limits upon the number of pins and the integration 
density while the shapes of packages being used at present 
are maintained. The conventional package structures have 
limits upon an increase in the integration density arising 
from a package size, that is, an internal space of the package. 

The conventional mounting techniques for increasing the 
number of pins and the integration density by reducing 65 
wiring patterns and the pitch of electrodes are indented to 
improvement in the density in the two-dimensional area. 
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RecenUy, semiconductor devices having a plurality of 
semiconductor chips provided inside a package have been 
proposed. For example, Japanese Laid-Open Patent Publi- 
cation No. 56-17050 shows a semiconductor device in 
which semiconductor chips are mounted on both sides of a 
supporting base and the semiconductor chips arc connected 
to the lead frames by bonding wires. After bonding, the 
semiconductor chips are sealed by a mold resin. 

Japanese Laid-Open Patent Publication No. 56-137665 
discloses a semiconductor device ui which at least two 
pellets are disposed on both sides of lead frames and 
electrode parts of the pellets are bonded to the lead frames, 
(by soldering bumps). After bonding, the pellets are sealed 
by molding. 

Further, ''NIKKEI MICRODEVICES", November, 1989, 
discloses a stmcture in which four LSI chips, each being 
sealed by molding, are successively stacked in order to 
improve the integration density per area. 

However, the semiconductor device disclosed in Japanese 
Laid-Open Patent Publication No. 56-17050 has the follow- 
ing disadvantages. First, it is impossible to considerably 
reduce the distance (pitch) between adjacent pins because 
the wire bonding is used. Second, it is necessary to bend the 
bonding wires (see FIG. lA), and it is difficult to produce a 
thin stmcture because of use of the supporting base. 

The semiconductor device disclosed in Japanese Laid- 
Open Patent Publication No. 56-137665 has the following 
disadvantages. In light of production process, it is difficult to 
directly adhere the semiconductor chip on the lead frames by 
means of soldering bumps. Particularly, it is very difficult to 
precisely attach a semiconductor chip to the lead frames to 
which another semiconductor chip has been attached. If an 
positional error occurs, the semiconductor chips may be 
exposed from the molded resin. 

The strucmre disclosed in "NIKKEI MICRODEVICES" 
has. a first disadvantage in that a thin structure caimot be 
produced because the four molded LSI chips are succes- 
sively stacked and a second disadvantage in that a complex 
step is needed to adhere the four LSI chips. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a semi- 
conductor device in which the above disadvantages are 
eliminated. 

A more specific object of the present invention is to 
provide a semiconductor device in which a plurality of 
semiconductor chips are bonded via tape leads. 

The above objects of the present invention are achieved 
by a device comprising: lead frames respectively having first 
main surfaces and second main surfaces opposite to each 
other, bonding being able to be performed on the first and 
second main siufaces; a first semiconductor chip arranged 
on first main surface sides of the lead frames; first tape leads 
electrically connecting the first main surfaces of the lead 
frames to the first semiconductor chip; a second semicon- 
ductor chip arranged on second main surface sides of the 
lead frames; second tape leads electrically connecting the 
second main surfaces of the lead frames to the second 
semiconductor chip; and a mold resin molding the first and 
second semiconductor chips. The first semiconductor chip 
has a first surface includmg an internal circuit, and a second 
surface opposite to the first surface. The second semicon- 
ductor chip has a first surface including an internal circuit, 
and a second surface opposite to the first surface of the 
second semiconductor chip. The second surface of the first 
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semiconductor chip is opposed to the second surface of the 
second semiconductor chip. The mold resin is provided in a 
space between the second surfaces of the first and second 
semiconductor chips. 

The above-mentioned objects of the present invention are 5 
also achieved by a semiconductor device comprising: first 
and second semiconductor chips forming a first pair; third 
and fourth semiconductor chips forming a second pair; a 
plurality of lead frames respectively having first and second 
main surfaces, the first and second pairs being located on lo 
respective sides of the lead frames so that the first and 
second pairs are opposite to each other, first tape leads 
electrically connecting the first main surfaces of the lead 
frames to the first semiconductor chip; second tape leads 
electrically connecting the first main surfaces of the lead 15 
frames to the second semiconductor chip; third tape leads 
electrically connecting the second main surfaces of the lead 
frames to the third semiconductor chip; fourth tape leads 
electrically connecting the second main surfaces of the lead 
frames to the fourth semiconductor chip; and a mold resin 20 
molding the first, second, third and fourth semiconductor 
chips. The mold resin is provided in a first space between the 
first and second semiconductor chips and a second space 
between the third and fourth semiconductor chips. 

BRIEF DESCRIPTION OF THE DRAWINGS ^ 

Other objects, features and advantages of the present 
invention will become more apparent from the following 
detailed description in conjunction with the accompanying 
drawings, in which: 

FIG. lA is a cross-sectional view of a conventional 
semiconductor device; 

FIG. IB is a cross-sectional view of another convendonal 
semiconductor device; 

FIG. 2 is a cross-sectional view showing an outline of die 
present invention; 

FIG. 3A is a cross-sectional view of a first embodiment of 
the present invention; 

FIG. 3B is a cross-sectional view of a second embodiment 40 
of the present invention; 

FTG. 3C is a cross-sectional view of a third embodiment 
of the present invention; 

FIG. 3D is a cross-sectional view of a fourth embodinient 
of the present invention; 

FIG. 4A is a cross-sectional view of a tape lead used in die 
embodiments of the present invention; 

FIG. 4B is a plan view of the tape lead shown in FIG. 4A; 

FIG. 5 is across-sectional view of a lead frame used in the 
embodiment of the present invention; 

FIG. 6 is a diagram showing a mirror symmetry relation- 
ship between terminal arrangements which can be employed 
in the first through third embodiments of the present inven- 
tion; 

FIG. 7 is a block diagram of a chip select circuit provided 
in a semiconductor chip in each of die first, second and third 
embodiments of die present invention; 

FIG. 8 is across-sectional view of the first embodiment of 
the present invention which is mold-sealed; 

FIGS. 9A, 9B, 9C, 9D and 9E are diagrams of steps to 
product the semiconductor device according to the first 
embodiment of the present invention; 

FIG. 10 is a cross-sectional view of a semiconductor 65 
device according to a fourth preferred embodiment of the 
present invention; 



FIG. 11 A is a cross-sectional view of a variation of the 
fourth embodiment shown in FIG. 10; 

FIG. IIB is a plan view of a part of the variation of the 
semiconductor device shown in FIG. IIA; 

FIGS. 12A and 12B are diagrams of chip select circuits 
respectively provided in semiconductor chips of the semi- 
conductor devices shown in FIG. 10 or HGS. 11 A and IIB; 

no. 13 is a cross-sectional view of a semiconductor 
device according to a fifth embodiment of the present 
invention; 

FIGS. 14 A and 14B are cross-sectional views of a semi- 
conductor device according to a sixth embodiment of the 
present invention; 

FIG. 15 is a cross-sectional view of a semiconductor 
device according to a seventh embodiment of the present 
invention; 

FIG. 16 is a cross-sectional view of a semiconductor 
device corresponding to a variation of the semiconductor 
device shown in FIG. 8; 
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FIG. 17 is a cross-sectional 
semiconductor device shown in 

FIG. 18 is a cross-sectional 
semiconductor device shown in 

FIG. 19 is a cross-sectional 
semiconductor device shown in 

FIG. 20 is a cross-sectional 
semiconductor device shown in 

FIG. 21 is a cross-sectional 
semiconductor device shown in 



view of a variation of the 
FIG, 16; 

view of a variation of the 
HG. 17; 

view of a variation of the 
HG. 10; 

view of a variation of the 
FIG. 19; and 

view of a variation of the 
FIG. 20. 



BEST MODE OF CARRYING OUT THE 
INVENTION 

FIG. 2 is a diagram showing the ouUine of the present 
invention. According to the present invention, semiconduc- 
tor chips are mounted on both surfaces of a lead frame by 
using TAB. 

Referring to FIG. 2, lead frames 21 have first main 
surfaces (for example, upper surfaces) and second main 
surfaces (for example, lower surfaces). Tape leads can be 
bonded to both the surfaces of the lead frame 21. A first 
semiconductor chip 22 is arranged on the upper sides of the 
lead firames 21, and the first main surfaces of the lead frames 

21 are electrically connected to the first semiconductor chip 

22 via first tape leads 23. A second semiconductor chip 24 
is arranged on the lower side of the lead frames 21. The 
second main surfaces of the lead frames 21 are electrically 
connected to the second semiconductor chip 24 by second 
tape leads 25. 

It becomes possible to provide a plurality of semiconduc- 
tor chips on both sides of the lead firames 21 in the following 
manners. The lead frames 21 are formed so that the first and 
second main surfaces thereof can be bonded. The first 
semiconductor chip 22 is arranged on the sides of die first 
main surfaces of the lead frames 21, and connected to the 
first main surfaces of the lead frames 21 by the first tape 
leads 23. The second semiconductor 24 is arranged on the 
sides of the second main surfaces of the lead fi-ames 21, and 
connected to die second main surfaces of the lead frames by 
die second tape leads 25. 

The senuconductor chips 22 and 24 can be selectively 
activated by using, for example, a chip select signal. In this 
case, there is not any problem arising from the arrangement 
in which the first tape leads 23 and die second tape leads 25 
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are connected to both the sides of the same lead frames. 
Since a plurality of semiconductor chips can be accommo- 
dated on an identical area, it becomes possible to double the 
mounting eflSciency. It is not necessary to greatly modify 
production facilities in order to fabricate the present inven- 5 
tion because the structure as shown in FIG. 2 can be obtained 
by repeatedly executing tape automated bonding with 
respect to the lead frames. . 

FIG. 3A is a diagram showing the first embodiment of the 
present invention. In FIG. 3A, the first semiconductor chip . 10 
22 is arranged on the upper sides of the lead frames 21, and 
the second semiconductor chip 24 is arranged on the lower 
sides thereof. Bent tape leads 29 electrically connect the first 
semiconductor chip 22 to the upper surfaces of the lead 
frames 21, and bent tape leads 30 electrically connect the 15 
second semiconductor chip 24 to the lower surfaces of the 
lead frames 21. The semiconductor chips 22 and 24 are 
connected to the tape leads 29 and 30 by bumps 27, which 
are made of gold (Au) and formed on Al wiring layers on 
the semiconductor chips 22 and 24. 20 

The tape leads 29 have a suiicture as shown in HO. 4A 
or FIG. 4B. A copper leaf pattern 35 having a thickness of 
approximately 30 pm is adhered to a polyimide tape 33 
having a thickness of approximately 125 ftm by means of an 
insulating adhesive 34. Both ends of the copper leaf pattern 
35 project firom the polyimide tape 33. This structure facili- 
tates bonding. First, a three-layer structure composed of the 
layers 33, 34 and 35 is formed. Second, the copper leaf 35 
is patterned. Third, die polyimide tape 33 is patterned so that 
the end portions of the leads project dierefrom. The pal- 
tcmed polyimide tape 33 supports the tape lead 29 so that the 
tape lead 29 is prevented from being deformed. The copper 
leaf pattern 35 includes a tin (Sn) plating layer having a 
thickness of about 0.5 ^ on its surface portion. The copper 
leaf pattern 35 includes a plurality of leads, each of which 
has a shape as shown in FIG. 4B. Each lead is formed so that 
it has a lead portion 35 having a length of about 70 \xm on 
the side of the semiconductor chip and a lead portion 35 
having a length of 100 ^un on the side of the lead frame 21. 
An intermediate portion between both the extensions is 
formed of a thinner wiring portion. Hereinafter, a portion of 
the lead portion (copper led" pattern) 35 which is connected 
to the semiconductor chip is referred to as an inner lead, and 
a portion of the lead portion 35 which is connected to the 
lead frame 21 is referred to as an outer lead. 

The above-mentioned tape lead is a three-layer tape lead. 
It is also possible to use a two-layer tape lead which does not 
have the insulating adhesive 34 or a single-layer tape lead 
consisting of only a conductive pattern. It is also possible to 
form bumps on the tape leads instead of the formation of 
bumps on the semiconductor chips. 

The lead frames have across-sectional structure, as shown 
in no. 5. In this figure, the lead frame 21 is composed of 
a lead frame base 36 made of an iron-system alloy, and 55 
plating layers formed on opposed surfaces of the base 36 and 
made of gold (Au), silver (Ag) or the like. Since the lead 
frame 21 has the plating layers on the opposed surfaces of 
the base 36, it is possible to perform bonding on both the 
surfaces of the base 36. When the surface of the lead portion 50 
35 of the tape lead 29 is plated with Sn and the lead fi*ame 
21 has the plating layers 37 on both the surfaces thereof, the 
tape lead 29 and the lead frame 21 form an eutectic crystal 
by thermocompression, so that bonding can be made. 

It is not necessary to form the plating layers on portions 65 
of the tape lead 29 and the lead frames which will not be 
bonded. 
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In order to stably maintain the semiconductor chips 22 
and 24 in the structure shown in FIG. 3A, it is preferable that 
back surfaces of the semiconduaor chips 22 and 24 be fixed 
to each other by an adhesive, such as silver paste. When the 
above-mentioned assembly is sealed by molding, the adhe- 
sive layer functions to provisionally fix the semiconductor 
chips 22 and 24. If the adhesive layer 28 is not used, the two 
semiconductor chips 22 and 24 will be displaced during the 
mold sealing process, and will be partially exposed from the 
molded resin. This displacement causes a stress concentra- 
tion on some of the bumps 27» and die tape leads 29 may 
come off from the semiconductor chips 22 and 24. The 
adhesive layer 28 may be an insulating adhesive, such as an 
epoxy-systcm adhesive instead of the above-mentioned con- 
ductive adhesive, such as silver paste. 

In the structure shown in FIG. 3A, as will be described 
later, the first tape leads 29 and the second tape leads 30 are 
simultaneously bent during a cutting process using a die, so 
that the semiconductor chips are maintained in a state where 
they float on opposed sides of the lead frames. 

If tape automated bonding is carried out for the stnacture 
shown in FIG. 3A without bending the tape leads, the 
semiconductor chips 22 and 24 will come into contact with 
each other, and comers thereof may be shortcircuited. Fur- 
ther, a stress is exerted on contact portions where the lead 
frames 21 are in contact with the tape leads 29 and 30 in a 
direction in which the tape leads 29 and 30 are detached 
from the lead frames 21. Hence, there is a possibility that the 
tape leads 29 and 30 may come off from the tape leads 29 
and 30 for long-term use. This degrades reliability of the 
semiconductor device. 

The structure shown in FIG. 3A has upper and lower 
portions which are symmetrical with each other with respect 
to the center portion of the lead frames 21. It is preferable 
that the arrangement patterns of terminals (pads) formed on 
the semiconductor chips 22 and 24 have a mirror symmetry 
relationship if the semiconductor chips 22 and 24 are 
designed to have identical functions. 

FIG. 6 is a diagram of the arrangements of terminals 
formed on the semiconductor chips 22 and 24. A reference 
22A indicates an internal circuit of the semiconductor chip 
22, and a reference 24A indicates an internal circuit of the 
semiconductor chip 24. That is, FIG. 6 shows the semicon- 
ductor chip 22 viewed from the upper side thereof and the 
semiconductor chip 24 viewed from the lower side thereof. 
Terminals "1" of the semiconductor chips 22 and 24 are 
coupled to the same lead frame 21 via the tape leads 29 and 
30. The same terminal numbers of the semiconductor chips 
22 and 24 have the same functions and transfer the same 
signals. As shown, the terminal patterns of the semiconduc- 
tor chips 22 and 24 are determined so that when both the 
semiconductor chips overlap with each other, the terminals 
having the same functions are connected to the same lead 
frames (mirror symmetry). When the mirror synunetry rela- 
tionship is employed, it is preferable that the internal circuits 
22A and 24A have the mirror symmetry relationship in light 
of the production process. In this case, different masks 
having flie mirror symmetry relationship are used. However, 
the internal circuit 22A may be asymmetrical with the 
internal circuit 24A. The internal circuits 22A and 24A may 
also have syimnetrical parts and asymmetrical parts. 

Use of the terminal patterns having the mirror symmetry 
relationship is suitable for the case where the semiconductor 
chips 22 and 24 have the same functions (for example, 
memories). Since signals are supplied to the semiconductor 
chips 22 and 24 via the terminals in the structure shown in 
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FIG. 6. it is necessaiy to select either the semiconductor chip 
22 or the semiconductor chip 24. For this purpose, a chip 
select circuit 39 shown in FIG. 7 is provided in each of the 
semiconductor chips 22 and 24. An input terminal of the 
chip select circuit 39 is connected to one of the terminals 
(chip select terminal), and an output terminal thereof is 
connected to the internal circuit 22A or 24A. The chip select 
circuit 39 provided in the semiconductor chip 22 and the 
chip select circuit 39 provided in the semiconductor chip 24 
operate by diflfereni logics. For example, the chip select 
circuit 39 of the semiconductor chip 22 outputs a high-level 
output signal to the internal circuit 22A when receiving a 
hi^-level signal (chip select signal) from an external device 
via the chip select terminal, so that the internal circuit 22A 
is activated. When the level of the chip select signal is low, 
the chip select circuit 39 of the internal circuit 22A is made 
inactive. The chip select circuit 39 of the semiconductor chip 
24 outputs a low-level output signal to the internal circuit 
24A when receiving the high-level signal via the chip select 
terminal, so that the internal circuit 24A is made inactive. 
When the chip select signal is at the low level, the chip select 
circuit 39 of the semiconductor chip 24 outputs the high- 
level signal, which activates the internal circuit 24A. In this 
manner, either the semiconductor chip 22 or the semicon- 
ductor chip 24 can be selected. 

FIG. 6 shows a DIP airangement, but other terminal 
arrangements can be coniSgured in the same manner as 
described above. It is possible to connect the chip select 
terminals to a lead frame in common and arrange the other 
terminals in the mirror asymmetry. In this case, peripheral 
circuits of the semiconductor chips 22 and 24 may be 
complex. 

The strucmre shovm in FIG. 3A is sealed by molding of 
resin. The first and second semiconductor chips 22 and 24 
equipped with the bumps 27 are arranged on both sides of 
the lead frames 21 and connected thereto via the bent tape 
leads 29 and 30 in the same maimer as those shown in 
FIG.3A. The structure having the semiconductor chips 
which have been bonded to the lead frames 21 are sealed by 
transfer molding of resin 38, such as an epoxy resin, so that 
a resin molded semiconductor device is configured. As has 
been described previously, it is preferable that the adhesive 
layer 28 be provided between the semiconductor chips 22 
and 24, as shown in FIG. 3A. 

A description will now be given of a production process 
of the semiconductor device shown in FIG. 8 with reference 
to FIGS. 9 A through 9E, in which those parts which are the 
same as those shown in the previous figures are given the 
same reference numerals. As shown in FIG. 9A, inner 
portions of tape leads 41 respectively extending from two 
tapes 40 are positioned on the bumps 27 formed on the 
semiconductor chip 24, and bonded at a temperatiu-e of 
approximately 500° C. by using a tool (thermode) 42. 

Next, as shown in FIG. 9B, the tape leads 41 are cut 
outside the polyimide tapes 33 (which are omitted in FIGS. 
9B-9E) and bent by using the die. Thereby, the tape leads 30 
connected to the bumps 27 are formed. 

Then, as shown in FIG. 90, the lead frames 21 are placed 
close to the corresponding tape leads 30, and bonded thereto 
at a temperature of about 450° C. by using a bonding tool 43. 

As shown in FIG. 9D, the semiconductor chip 22 obtained 
by the steps shown in FIGS. 9A and 9B is positioned so that 
it faces the semiconductor chip 24, and is bonded thereto at 
a temperature of about 450° C. by using the bonding tool 43 
in the same way as shown in FIG. 9C. 

Finally, as shown in FIG. 9E, the assembly is sealed by 
molded resin 38. 
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FIG. 3D shows a variation of the structure shown in FIG. 
3A. As shown, a back surface of the first semiconductor chip 
22 sticks to a back surface of the semiconductor chip 24 
without the adhesive layer 28. If there is no problem 
regarding electrical insulation, the stmcture shown in FIG. 
3D can be used. 

A description will now be given of a second embodiment 
of the present invention with reference to FIG. 3B. The 
sirucnire shown in FIG. 3B is asymmetrical with respect to 
the upper and lower sides of the lead frames 21. The 
structure shown in FIG. 3B has an upper portion which is 
almost the same as that of the stiuaure shown in FIG. 3A. 
The tape leads 29 are so bent that a bottom surface of the 
semiconductor chip 22 is positioned above a central surface 
of the lead frames 21. The tape leads 31 connected to the 
lower surfaces of the lead frames 21 are not bent, but 
straight. If the semiconductor chip 24 is bonded to the upper 
sides of the tape leads 31, the two semiconductor chips will 
come into contact with each other. In the structure shown in 
FIG. 3B, the semiconductor chip 24 is bonded to the lower 
surfaces of the straight tape leads 31. The semiconductor 
chip 22 is arranged on the upper sides of the central surfaces 
of the lead frames 21 and the semiconductor chip 24 is 
arranged on the Iowct sides thereof. This arrangement is the 
same as that shown in HG. 3A, and hence there is no 
physical interference between both the semiconductor chips. 
In the stnacture shown in FIG. 3B, chip faces of the 
semiconductor chips 22 and 24 are oriented in the same 
direction. Hence, it is possible to use two completely iden- 
tical semiconductor chips. 

FIG, 3C shows a third embodiment of the present inven- 
tion in which the semiconductor chips 22 and 24 are 
mounted on both sides of the lead frames 21 by means of two 
straight tape leads 31 and 32. That is, the two semiconductor 
chips 22 and 24 are arranged on upper sides of the tape leads 
32 and 31, respectively. The tape leads 31 and 32 are spaced 
apart fixim each other at a distance approximately equal to 
the thickness of the lead frame 21. In the strucUire shown in 
FIG. 3C, there is no need to bend the tape leads. It is 
preferable that the semiconductor chips 22 and 24 have the 
mirror symmetry arrangements of terminals in the same 
manner as shown in FIG. 3A. 

It is possible to selectively employ the above-mentioned 
three basic structures taking mto account application 
thereof. 

A description will now be given of a fourth embodiment 
of the present invention with reference to FIG. 10. The 
fourth embodiment is a semiconductor device in which three 
or more semiconductor chips are stacked in a single pack- 
age. The semiconductor device shown in FIG. 10 has four 
semiconductor chips 52a, S2by 54a and S4b, The semicon- 
ductor chips 52a and S2b are supported on upper lead frames 
60 which are bent, and the semiconductor chips 54fl and 54b 
are supported on lower lead frames 62 which are bent. Tape 
leads 56a, which are bent and cormected to the bumps 57 on 
the semiconductor chip 52a, are bonded to upper end 
portions of the upper lead frames 60. Tape leads 56^, which 
are bent and connected to the bumps 57 on the semicon- 
ductor chip S2b (its back, surface is opposed to the back 
surface of the semiconductor chip 52a), are bonded to lower 
end portions of the upper lead frames 60. A chip face of the 
semiconductor chip 54a (a face through which an internal 
circuit is exposed) is opposed to that of the semiconductor 
chip 52b. Bent tape leads 58a bonded to the bumps 57 of the 
semiconductor chip 54fl are bonded to upper end portions of 
the lower lead frames 62. Bent tape leads 586 bonded to the 
bumps 57 of the semiconductor chip 54b are bonded to 
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lower end portions of the lower lead frames 62. The back 
surface of the semiconductor chip 54a is opposite to the back 
surface of the semiconductor chip 54b. It is preferable that 
the aforementioned adhesive layers 28 (FIG. 3A) be inter- 
posed between the semiconductor chips 52a and 52b and 5 
between the semiconductor chips 54a and S4b. It is possible 
to provide the adhesive layer 28 between the semiconductor 
chips S2b and 54fl. One upper lead frame 60 and one lower 
lead frame 62 are bonded together, so that a single lead 
frame is formed. It is possible to bond (stack) the lead frames j q 
60 and 62 when the assembly is sealed by a molded resin 64. 

FIG. IIA is a cross-sectional view of a variation of the 
fourth embodiment of the present invention shown in FIG. 
10, and FIG. IIB is a plan view of a part of this variation. 
The back surfaces of the semiconductor chips 52a and 52b 15 
are in contact with each other, and the back surfaces of the 
semiconductor chips 54a and 54b are in contact with each 
other. A plurality of bumps 67 arranged in a line are formed 
on each of the main surfaces of the semiconductor chips 52a, 
52b, 54a and 54^7. Each of tape leads 66a bonded to the 20 
upper end portions of the upper lead frames 60 is coimected 
to one of the bumps 67. In the struaure shown in FIG. IIB, 
the tape leads 66a on the right side and the tape leads 66a 
on the left side are alternately ananged and connected to the 
bumps 67. Similarly, tape leads 66b, 68a and 6Sb are 25 
connected to the bumps 67 formed on the semiconductor 
chips 52b, 54a and 54b, respectively. The end portions of the 
integrated lead frames 60 and 62 are bent inwardly. Each of 
the semiconductor chips 52a, 52b, 54a and S4b is a 16 Mbit 
DRAM, and hence the device shown in FIG. HA functions 30 
as a 64 Mbit DRAM. 

In order to selea one of the semiconductor chips, as 
shown in FIG. 12A, each of the semiconductor chips 62a, 
62b, 64a and 64b has a chip select circuit 89, which is 
connected to two lead frames (chip select terminals) pro- ^5 
vided in common to the semiconductor chips 62a, 62b, 64a 
and 64b. The chip select circuit 89 receives a two-bit chip 
select circuit from an external circuit, and outputs to the 
internal circuit a signal indicating whether the internal 
drcmt should be activated. For example, the semiconductor 
chip 52a is selected when the levels of both the bits are high. 

When the chip select signal is a serial signal of two bits, 
as shown in FIG. 12B, the chip select signal received via the 
chip select lead frame is converted into a two-bit parallel 
signal by a serial-to-parallel conversion circuit (S/P) 90, and 
then output to the chip select circuit 89. 

When the semiconductor chips 52a, 52b, 54a and 54b 
have identical functions, it is preferable that the the semi- 
conductor chips 52a and 52b have the mirror symmetry 
relationship and the semiconductor chips 54a and 54b have 
the mirror symmetry relationship. However, it is not neces- 
sarily required that the internal circuits of these semicon- 
ductor chips have the mirror synmietry relationship. 

Another variation of the stmcture shown in FIG. 10 has 55 
five or more semiconductor chips within a single package. It 
would be obvious to those skill in the art to make variations 
and modifications. 

FIG. 13 is a cross-sectional view of a fifth embodiment of 
the present invention. The main surface (chip face) of the 60 
semiconductor chip 52a in which the internal circuit is 
formed is opposed to that of the semiconductor chip 52b. 
Similarly, the chip face of the semiconductor chip 54a is 
opposed to that of the semiconductor chip 54b. The back 
surface of the semiconductor chip 52b is in contact with that 65 
of the semiconductor chip 54a. It is possible to fix the back 
surfaces of the semiconductor chips 52b and 54a to each 
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other by an adhesive layer. T^e leads 92 are each composed 
of a first tape lead 92a and a second tape lead 92b, which are 
stacked and electrically connected to each other. The first 
tape leads 92a connect the terminals (bumps) 57 on the 
semiconductor chip 52 to the lead frames 91, and the second 
tape leads 92b connect the terminals 57 to the lead frames 
91. Similarly, tape leads 94 are each composed of a first tape 
lead 94a and a second tape lead 94b, which are electrically 
connected to each other. The first tape leads 94a cormect the 
terminals 57 on the semiconductor chip 54b to the lead 
franies 91. and the second tape leads 94b coimect the 
terminal on the semiconductor chip 54a to the lead frames 
91. The selection of the semiconductor chips 52a, 52b. 54a 
and 54b is made in the maimer shown in FIG. 12A or FIG. 
12B. It is preferable that the semiconductor chips 52a and 
52b have the mirror symmetry relationship and the semi- 
conductor chips 54a and 54b have the mirror symmetry 
relationship. 

FIG. 14A is a cross-sectional view of a sixth embodiment 
of the present invention. The semiconductor chips 52a, 52b. 
54a and 54b are oriented in the same direction as that in the 
structure shown in FIG. 13. In order to selectively activate 
the semiconductor chips 52a, 52b, 54a and 54b of the sixth 
embodiment, two lead frames, which are coimected to these 
semiconductor chips via tape leads 96 and 5>8 are used. The 
tape lead 96 has a first tape lead 96a, a second tape lead 96b, 
and an insulating film 96c having a contact hole 96d, The 
insulating film 96c is provided between the first t^e lead 
96a and the second tape lead 96b. The first tape lead 96a and 
the second tape lead 96b are electrically connected to each 
other via the contact hole 96d. Similarly, the tape lead 98 is 
composed of first and second tape leads 98a and 98b, and an 
insulatmg film 98c having a contact hole 98c. As shown in 
FIG. 14B, it is possible to cut out the first tape lead 98a or 
the second tape lead 98b by means of a laser beam so that 
edge portions of the insulating layer appear through the 
contact hole. FIG. 14B shows that the second tape lead 5>8b 
has been cut off by the laser beam. In this manner, the second 
tape lead 98b is electrically disconnected from the first tape 
lead 98a. 

In FIG. 14A, the tape lead 98b cormecting the semicon- 
ductor chip 54a to the lead frame 91a (chip select terminal) 
and the tape lead connecting the semiconductor chip 52a to 
the lead frame 91b (chip select terminal) are cut oS. The 
relationship between the two-bit chip select signal and the 
semiconductor chips 52a, 52b, 54a and 54b is as shown in 
Table 1. 



TABLE 1 



Chip Select Signal 




Lead 91a 


Lead 91b 


Selected chip 


1 


0 


52a 


1 


1 


52b 


0 


0 


54a 


0 


1 


54b 



Tape leads other than the two lead frames 91a and 91b 
which function as the chip select terminals can be formed 
with the tape leads 92 and 94 shown in FIG. 13. Of course, 
it is possible to form all the tape leads with the tape leads 96 
and 98. 

FiG. 15 is a cross-sectional view of a seventh embodiment 
of the present invention. The semiconductor device shown in 
FIG. 15 is different from that shown in FIG. 13 in that tape 
leads are respectively bonded to lead frames at different 
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positions of the lead frames. In the struciure shown in FIG. 
13, a tape lead 91a and a tape lead 91b are stacked and 
bonded together at one ends thereof, and bonded to the 
respective portions of the lead frame 91 at the other ends 
thereof. Similarly, a tape lead 98fl and a tape lead 98ft are 5 
stacked and bonded together at one ends thereof, and bonded 
to the respective portions of the lead frame 91 at the other 
ends thereof. The structure shown in FIG. 13 is formed so 
that the tape leads 92ft and 94ft are bonded to the lead frames 
91 by using the bonding tool 43 shown in FIG. 90, and then 
the tape leads 91a and 94fl are bonded to the bonded tape 
leads 92ft and 946. It may be not desirable that the already 
bonded members be further thermocompressed. Further, a 
stepped part formed by the tape leads 92ft and 94ft may 
cause a problem during the second thermocompression 
procedure. The structure shown in FIG. 15 overcomes the 
above problems. 

The structures of shown in FIGS. 13, 14A, 14B and 15 are 
sealed by molding at the respective final production steps. 
For the sake of simplicity, molded resin is omitted in FIGS. 
13, 14A, 14B and 15. ^ 

FIG. 16 shows a variadon of the semiconductor device 
shown in FIG. 8. In FIG. 22, parts that are the same as parts 
shown in FIG. 8 are given the same reference numbers. In 
the semiconductor device shown in FIG. 22, the adhesive ^ 
layer 28 is used for bonding the semiconductor chips 22 and 
24. llie semiconductor device shown in FIG. 22 does not use 
the adhesive layer 28. That is, a space 108 is formed between 
the back surfaces of the semiconductor chips 22 and 24, and 
is filled with the mold resin 38. The space 108 is formed 
during the production step shown in FIG. 9D. Hie space 108 
is equal to, for example, a few tens of micrometers. Tht 
mold resin 38 enters into the space 108 in the molding 
process. The mold resin 38 prevents entry of moisture into 
the space 108 between the back surfaces of the semicon- 
ductor chips 22 and 24 and prevents the occurrence of void 
and thermal stress. Further, the area of contact between the 
mold resin 38 and the semiconductor chips 22 and 24 is 
increased, and improved adhesion to the mold resin 38 can 
be obtained. This leads to an increase in reliability of the 
semiconductor device. 

FIG. 17 shows a variation of the semiconductor device 
shown in FIG. 16. In FIG. 17, parts that arc the same as parts 
shown in FIG. 16 arc given the same reference numbers. As 
shown in FIG. 17, nitride films 109A and 109B, such as 45 
silicon nitride films, are formed on the back surface of the 
semiconductor chips 22 and 24, respectively. The nitride 
films 109A and 109B can be formed by, for example, a 
plasma CVD, in which a nitrogen gas is supplied to the back 
surfaces of the semiconductor chips 22 and 24, and is 50 
excited by plasma discharge. The nitride films 109A and 
109B further improve adhesion between the mold resin 38 
and the back surfaces of the semiconductor chips 22 and 24, 
It is also possible to use an imide-system film (spin coat), a 
nitride oxide film or a silicon oxide film in lieu of the nitride 55 
film. 

FIG. 18 is a diagram of a variation of the semiconductor 
device shown in FIG. 17. In FIG. 18, parts that are the same 
as parts shown in FIG. 17 are given the same reference 
numbers. As shown in FIG. 18, a sticking agent member 60 
(adhesive member) 110 is provided between the nitride films 
109A and 109B . The sticking agent member 110 functions to 
prevent the semiconductor chips 22 and 24 from moving 
during the resin molding process and thereby ensure the 
space 108. The sticking agent member UO is in contact with 65 
a part of the nitride film 109A and a part of the nitride film 
109B. That is, die nitride fihns 109A and 109B are partially 
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opposite to each other without the sticking agent member 
110. The mold resin 38 is filled witii the space 108 between 
the semiconductor chips 22 and 24. The sticking agent 
member 110 can be an insulating or elecuically conductive 
member When the sticking agent member 110 having 
electrically conductive member is used, a ground system 
conmion to the semiconductor chips 22 and 24 can be 
established, and improved electric characteristics can be 
obtained. 

FIG. 19 is a variation of the semiconductor device shown 
in FIG. 10. In FIG. 19, pans which are the same as parts 
shown in FIG. 10 are given the same reference numbers as 
previously. In lieu of the lead frames 60 and 62, die 
aforementioned lead frames 21 are used. In FIG. 19, outer 
leads 21ft of Uie lead frames 21 are bent after resin molding 
so that they have J-shaped stmctures. The tape leads 56a and 
56ft are connected to the fust surface of the lead frames 21, 
and the tape leads 58fl and 58ft are connected to the second 
surface of the lead frames 21. End portions of the tape leads 
56fl and 56ft arc stacked, and end portions of tape leads 5%a 
and 58ft are stacked. A space VX&a is formed between the 
chips 52a and 52ft, and a space 108ft is formed between the 
chips 54a and 54ft. The spaces 108a and 108ft are filled vnth 
the mold resin 64. Hie mold resin 64 has the same functions 
as the mold resin 24 shown in FIG. 16. As shown in FIG. 20, 
it is possible to form nitride films 119A, 119B, 119C and 
119D on die back surfaces of die semiconductor chips 52a, 
52ft, 54a and 54ft in the same manner as shown in FIG. 17. 
Further, as shown in FIG. 21, it is possible to provide 
sticking agent members (adhesive members) llOA and 11 OB 
between the opposite nitride fihns. 

As has been described above, according to present inven- 
tion, it becomes possible to arrange a plurality of semicon- 
ductor chips in an identical area and hence increase the 
integration density and capacity. 

The present invention is applied to, for example, a 
memory in an IC card. 
What is claimed is; 

1. A semiconductor device comprising: 

two lead frame parts each having a first main surface and 
a second main surface opposite to each other, bonding 
being able to be performed on the first and second main 
surfaces the lead frame parts dividing the semiconduc- 
tor device into a first main surface side and a second 
main surface side, the firsl and second main surface 
sides corresponding respectively to the first and second 
main surfaces of the lead frame parts; 

a first semiconductor chip arranged on the first main 
surface side; 

first tape leads electrically coimecting the first main 
surfaces of the lead frame parts to the first semicon- 
ductor chip; 

a second semiconductor chip arranged on the second main 
surface side; 

second tape leads electrically connecting the second main 
surface of die lead frame parts to die second semicon- 
ductor chip so that, with the first and second tape leads, 
each of the two lead frame parts is connected to both 
the first and second semiconductor chips; 

a mold resin molding the first and second semiconductor 
chips, wherein: 

the first semiconductor chip has a first surface including 
an internal circuit, and a second surface opposite to 
the first surface, 

the second semiconductor chip has a first surface 
including an internal circuit, and a second surface 
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opposite to the first surface of the second semicon- 
ductor chip, 

the second surface of the first semiconductor chip is 
opposed to the second surface of the second semi- 
conductor chip, and 5 

said mold resin is provided in a space between the 
second surfaces of the first and second semiconduc- 
tor chips; and 

first and second films respectively formed substantially 
only on the second surfaces of the first and second 10 
semiconductor chips* said first and second films 
functioning to improve adhesion between the mold 
resin and the first and second semiconductor chips. 

2. A semiconductor device as claimed in claim 1, further 
comprising a member provided between the first and second 15 
films respectively formed on the second surfaces of the first 
and second semiconductor chips, said member positioning 
the first and second semiconductor devices so that the first 
and second films respectively formed on the second surfaces 
of the first and second semiconductor chips are spaced apart 20 
from each other. 

3. A semiconductor device as claimed in claim 1, wherein 
said first and second films respectively comprise silicon 
nitride. 

4. A semiconductor device comprising: 25 
first and second semiconductor chips forming a fiurst pair; 
third and fourth semiconductor chips forming a second 

pair; 

a plurality of lead frame parts, each havmg first and 
second main surfaces, the first and second pairs being 
located on respective sides of the lead frame parts so 
that the first and second pairs are opposite to each other; 

first tape leads electrically connecting the first main 
surfaces of the lead frame parts to the first seraicon- 35 
ductor chip; 

second tape lead electrically coimecting the first main 
surfaces of the lead frame parts to the second semicon- 
ductor chip; 

third tape leads electrically connecting the second main ^ 
surfaces of the lead frame parts to the third semicon- 
ductor chip; 
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fourth tape leads electrically connecting the second main 
surfaces of the lead frame parts to the fourth semicon- 
ductor chip; and 

a mold resin molding the first, second, tliird and fourth 
semiconductor chips, 

wherein the mold resin is provided in a first space between 
the first and second semiconductor chips and a second 
space between the third and fourth semiconductor 
chips. 

5. A semiconductor device as claimed in claim 4. further 
comprising: 

a first film formed on a back surface of the first semicon- 
ductor chip; 

a second film formed on a back: surface of the second 
semiconductor chip, said first and second films being 
spaced apart from each other; 

a third film formed on a back surface of the third semi- 
conductor chip; and 

a fourth film formed on a back surface of the fourth 
semiconductor chip, said third and fourth films being 
spaced apart from each other, 

wherein the first, second, third and fourth films. function 
to improve adhesion between the mold resin and the 
first, second, third and fourth semiconductor chips. 

6. A semiconduaor device as claimed in claim 5, further 
comprising: 

a first member provided between the fint and second 
films; and 

a second member provided between the third and fourth 
fihns, 

wherein the first member positions the first and second 
semiconductor chips so that they are spaced apart from 
each other, and 

the second member positions the third and fourth semi- 
conductor chips so that they are spaced apart from each 
other. 

7. A semiconductor device as claimed in claim 5, wherein 
the first, second, third and fourth films respectively comprise 
silicon nitride. 
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